Heart beat frequency in wild-type (+/+), heterozygous (+/Creld1KO), and homozygous (Creld1KO) at E9.5, E10.5, and E11. (magenta) is predominantly expressed in endocardial cells, but also in mesenchymal cells. DAPI (cyan) has been used to label the DNA. The bottom row shows a zoom-in into the AVC region from the pictures at the top. ME: mesenchyme; EN: endocard.
Scale bar: 100 µm.
Supplementary Experimental Procedures
Mice. Mice were kept under standard SPF housing conditions with a 12 h dark/light cycle and with food and water ad libitum. Genotyping was performed using isolated DNA obtained from tail tips. Assay Kit (Pierce). For SDS-PAGE, gel loading buffer was added (5x: 100 mM Tris, 3% SDS, 10% glycerol, 0.1% bromphenolblue, 2% 2-mercaptoethanol; pH 6.8).
Genotyping
Samples were boiled for 5 min and centrifuged shortly at room temperature.
For immunoprecipitation, lysates were prepared in ice-cold non-denaturating lysis buffer (2 mM EDTA, 10% glycerol, 1% Nonidet P-40, 137 mM NaCl, 20 mM Tris/HCl, 250-500 µl). The antibody conjugate was immunoprecipitated with 100 μl of either Protein G or Protein A Sepharose beads for 1-3 h at 4°C with rotation. Unbound proteins were removed by washing four times with 500 μl of lysis buffer. Proteins were eluted by adding 30 μl 1x gel loading buffer and boiling for 5 min. The eluate was centrifuged at 12,000 × g for 30 s and subjected to SDS-PAGE followed by
Western blot analysis.
Fractionation of nuclear and cytoplasmic/membrane proteins. Creld1-RFP and
NFATc1-HA were expressed in HEK293 cells. Cells were lysed in lysis buffer (10 mM HEPES, 50 mM NaCl, 0.5 M sucrose, 0.1 mM EDTA, 0.5%Triton X-100, 1 mM DTT, 1:500 mPic, 100 mM NaF, pH 7.6) and centrifuged for 10 min, 700 x g, 4°C. The pellet contains the nuclear protein (P1). The supernatant was centrifuged again at 20,000 x g for 10 min, 4°C. The supernatant contained the cytoplasmic/membrane proteins. The nuclear pellet (P1) was washed in buffer A (10 mM HEPES, 10 mM KCl, 0.1 mM EDTA, 0.1 mM EGTA, 1 mM DTT, 1:500 mPic, pH 7.6), centrifuged for 10 min, 700 x g, 4°C, and the pellet was resuspended in buffer C (10 mM HEPES, 500 mM NaCl, 0.1 mM EDTA, 0.1 mM EGTA, 0.1% Igepal, 1:500 mPic, pH 7.6). The pellet was vortexed for 15 min at 4°C and centrifuged for 10 min at 20,000 x g and 4°C. The supernatant contains the nuclear proteins.
Western blot analysis. Protein lysates were subjected to SDS-PAGE followed by
Western blot analysis. Primary antibodies were either detected using horseradish peroxidase (HRP)-conjugated antibodies in combination with the chemiluminescence ECL system (Amersham) or using fluorescent dye-labeled antibodies in combination with the Odyssey Imaging System (Licor). Quantitative analysis was performed using ImageJ.
Histochemistry and microscopy. Embryos were fixed for one to three days in 4% paraformaldehyde at 4°C. Dehydration was performed using increasing percentages of ethanol and xylol followed by embedding in paraffin. Sections were subjected to hematoxylin-eosin (Merck) staining after deparaffinization. For immunofluorescence, sections were deparaffinized and rehydrated followed by antigen retrieval. To analyze the vascularization of the yolk sac, embryos were dissected with the yolk sac and images were taken under a dissection microscope. (1:100, BD Biosciences), beta-galactosidase (1:100, Dianova).
Analysis of NFAT translocation using live-cell imaging. NFATc1-GFP was a gift from Eric Olson (UT Southwestern
Cell culture. Cells were cultured in DMEM (HEK293, NIH3T3) or RPMI (Jurkat T cells) (Invitrogen) containing 10% fetal calf serum and 1% penicillin/streptomycin.
Transfection was performed using Metafectene pro or Lipofectamine in Opti-MEM (Invitrogen). Treatments were performed in the corresponding medium overnight.
Isolation and culture of mouse embryonic fibroblasts (MEFs). Embryos at E9.5-E10.5 were incubated for 30 min at 37 °C in 0.05% trypsin/EDTA (Gibco). The reaction was stopped by adding 10x volumes DMEM containing 1% penicillin/streptomycin, 10% fetal calf serum, and glutamine. Cells were centrifuged at 500 x g for 5 min and resuspended in the same medium. Assays were performed at passage 1-3.
For induction with VEGF, cells were starved (0.1% FCS in Opti-MEM) for 24 h before treatment for 2 h (40 ng/ml VEGF or 1 µM Tg, 0.1% FCS in Opti-MEM).
Measurement of changes in [Ca

2+
] i . Measurements were performed in ES buffer (120 mM NaCl, 5 mM KCl, 2 mM MgCl 2 , 2 mM CaCl 2 , 10 mM Hepes, 10 mM glucose, pH 7.4) containing 0.02% Pluronic F-127 (Invitrogen, OR, USA) for 45 min at 37°C. -free ES or ES. All data are given as mean ± SD.
Luciferase assay
Treatments were performed overnight, if not otherwise stated. Concentrations were as follows: 1 µM thapsigargin (Tg, Sigma), 1 µM cyclosporine A (CsA, Sigma), 10 µM BATPA-AM in 0.1% Pluronic (5 h, Molcular Probes), 2 µM 2-APB (Sigma), 1 µM PD0325901 (Sigma). The assay was performed with the Dual-Glow Luciferase Assay system (Promega) and the luminescence was detected using the Fluostar Omega (BMG Labtech). For analysis, firefly activity (NFAT-luc) was normalized to the renilla activity (psiCHECK1). Data were normalized to the control (treatment with 0.3% DMSO, set to 1) and expressed as relative luciferase activity (fold change).
Heart beat frequency. Hearts of wild-type (+/+), heterozygous (+/Creld1KO), and homozygous (Creld1KO) were dissected and placed into DMEM containing 10% FCS and 1% Pen/Strep, and cultured over night at 37°C, 10% CO 2 . Heart beat frequency was measured the next day. 
Primers used for qRT-PCR
